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Recent press coverage has brought 
to the attention of the general public a 
revolutionary material known as metallic
glass. Induced
possibly by recent
Hollywood hits
such as the
Terminator series
and Matrix, it is
as if we suddenly
have the  possibil-
ity to morph a
helicopter into a human and back again
with the ease of the stroke of a mouse scroll
wheel. The burst of imagination stems from
the fact that when a liquid flows it has that
uncanny property of returning to its former
shape after a disturbance has occurred,
hence when you dip a spoon in a liquid and
then remove it the liquid has no trace of the
disturbance. Materials scientists dream of
doing the same with metals and metallic
glasses are now appearing on the horizon.

Metallic glasses are, in essence, metal
alloys with a chaotic structure, where the
atoms are in a disordered jumble, rather
like the atoms in a liquid or a glass, hence
the name metallic glass.

Clearly, there is much more to it than that
and, in the past year or so, researchers
have made metallic glass three times
stronger than the best industrial steel and
10 times springier. But the journey has
been long and, as
all great ideas-
inventions testify, the
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massification side takes time and money.
But let’s go back a bit. In the early 60s,

research by Dr P. Duwez at the Californian
Institute of Technology, in Pasadena,
poured molten metal onto a cold, rapidly
rotating copper cylinder, to form a "super-
frozen" amorphous metal. The scope was
to ‘freeze’ the material so as to manipulate
its structure. In fact, in traditional (crys-
talline) metal alloys such as steel, the atoms
are ordered within regions called "grains",
and the boundaries between the grains are
flaws or points of weakness in the material,

just like crack lines.
However, thanks to
the ‘freezing process’,
metallic glasses, have
no grain boundaries,
so they are much
stronger. This proper-
ty is better conceived
by imagining a ham-

mer hitting a traditional crystalline metal.
Hit it hard enough and it will bend since
some of the energy of the blow is absorbed
by giving way along grain boundaries. On
the other hand, in an amorphous material
such as metallic glass, the atoms are tight-
ly packed, and easily bounce back to their
original shape after a blow. 

Since these materials lack large bulky
crystalline grains, they can also be shaped
into features just 10 nanometres across.
Moreover, their liquid-like structure means
they melt at lower temperatures, and can
be moulded nearly as easily as plastics. 

It is probably this combination of fasci-
nating producibility of plastics and per-
formance of metals that metallic glass has
stirred so much enthusiasm.

So, although strictly speaking a metal-
lic glass isn't a liquid, it possesses proper-
ties that open new avenues for future
metal alloys.

One company that believes in the future
of metallic glass is Liquidmetal Tehnologies.
Founded by William Johnson, a former stu-
dent of Duwez, LT is already marketing the
material as "liquid metal".

Liquidmetal® alloys are a revolutionary
class of materials that redefine perform-
ance and cost paradigms. These alloys
have an "amorphous" atomic structure,
which, as seen, is unprecedented for tradi-
tional structural metals. Furthermore, they
include a multi-component chemical com-
position, which can be optimized for vari-
ous properties and processes. Finally, they

lend themselves to process technology simi-
lar to that possessed by plastics. Hence, by
combining process, chemistry and atomic
structure, the properties can be tweaked
and optimized for specific applications.
This amorphous atomic structure leads to a
unique set of characteristic properties for
the family of Liquidmetal alloys.

These characteristic properties are: 
• High Yield Strength 
• High Hardness 
• Superior Strength/Weight Ratio 
• Superior Elastic Limit 
• High Corrosion Resistance 
• High Wear-Resistance 
• Unique Acoustical Properties 

One of the direct results of the unique
atomic structure of Liquidmetal alloys is
very high yield strength, which approach-
es the theoretical limit and far exceeds the
strength currently available in crystalline
metals and alloys. For example, yield
strength of over 250 ksi has been achieved
in Zr-base and Ti-base Liquidmetal alloys
(VIT-001 series). This is more than twice the
strength of conventional titanium alloys.

Another remarkable property of
Liquidmetal alloys is the superior elastic
limit; i.e., the ability to retain its original
shape (memory) after undergoing very
high loads and stress. Furthermore, the
Liquidmetal alloys have much higher corro-
sion and wear resistance than their con-
ventional (crystalline) counterparts due to
the unique atomic structure. By varying
chemical composition, some properties
within the family of Liquidmetal alloys can
be optimized even further.

One of the neatest characteristics of
Liquidmetal alloys is the availability of its
superior mechanical properties in as-cast
form. This is in distinct contrast to conven-

tional metals where the as-cast forms have
inferior mechanical properties compared
to their wrought and forged forms, which
limits the fabrication of intricate and
sophisticated designs. 

The solidification of Liquidmetal alloys
shows fundamentally distinct characteristics
compared to the solidification of ordinary
metals. This is due to the lack of phase trans-
formation from the molten metal state during
solidification. In addition, Liquidmetal alloys
have very low melting temperature relative
to their constituent metals. As a result, it is
possible to fabricate Liquidmetal alloys in
intricate and sophisticated designs without
costly post-finishing processes. 

The above mentioned qualities, specifi-
cally the availability of superior properties
in as-cast form and low melting tempera-
ture, provide exceptional opportunities for
processing Liquidmetal alloys in composite
forms with a variety of reinforcements. The
near-net shape processing characteristics
of Liquidmetal alloys make the fabrication
of highly sophisticated and sound compo-
site structures possible. This provides the
tailor-making of the following properties of
Liquidmetal alloys for specific applications: 
• Fatigue Resistance 
• Yield Strength 
• Density 
• Elastic Modulus 
• Impact Resistance 
• Thermal and Electrical Conductivity 
• Coefficient of Thermal Expansion 
• Acoustic and Dampening Characteristics 

This very peculiar combination of supe-
rior properties in the domain of high-
strength metals and the fabrication charac-
teristics of plastics positions the family of
Liquidmetal alloys as the new paradigm in
materials science. This revolutionary mate-
rial promises to enable applications that
will render obsolete current technology
based on materials from titanium to plas-
tic…..but only time will tell the true story.
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